We tested the hypothesis that haemodynamic changes to intubation and postoperative pharyngolaryngeal morbidity are similar for blind intubating laryngeal mask (ILM)-guided compared with laryngoscope-guided tracheal intubation in adults with normal airways. We also compared intubation success rates and airway complications. One-hundred and fifty paralysed, anaesthetized adult patients undergoing elective surgery were randomly assigned to one of three equal-sized groups: 1. blind intubation via the ILM using a straight, silicone tube; 2. intubation with a Macintosh laryngoscope using a straight silicone tube and 3. intubation with a Macintosh laryngoscope using a polyvinyl chloride tube (controls). A standard sequence of adjusting manoeuvres was followed if intubation was difficult. The number of adjusting manoeuvres and intubation attempts, time to intubation, intubation success rate (first attempt and within 3 min), haemodynamic changes (pre-induction, post-induction, post-intubation), oesophageal intubation, mucosal trauma (blood detected), hypoxia (SpO 2 <95%) and postoperative pharyngolaryngeal morbidity (double-blinded) were documented. Time to successful intubation was longer (57 vs 35s), and more intubation attempts were required in the ILM group (P<0.0001). The intubation success rate was 100% (all first attempt) for the laryngoscope groups and 94% (56% first attempt) for the ILM group. There were no significant differences in heart rate or blood pressure among groups. Oesophageal intubation (26 v 0%) and mucosal trauma (19 v 2%) were more common in the ILM group. Hypoxia and postoperative pharyngolaryngeal morbidity were similar among groups. Blind intubation through the ILM offers no advantages over the Macintosh laryngoscope for adult patients requiring intubation for elective surgery with normal airways, but it is a feasible alternative.
Laryngoscopic stimulation of pharyngolaryngeal structures is an important factor in the haemodynamic stress response and the airway trauma associated with tracheal intubation 1 . By using alternative guiding devices, such as a fibreoptic scope 2 or light-wand 3 , the incidence of these problems may be reduced. The intubating laryngeal mask airway (ILM) is a new airway device that facilitates tracheal intubation without laryngoscopy 4, 5 . The main difference from the standard laryngeal mask airway (LMA) is that the soft, silicone tube has been replaced by an anatomically curved, silicone-coated, metal tube and a guiding handle 4 . In theory, placement does not require distortion of pharyngeal structures and it has been suggested that ILM-guided intubation should be less stimulating than laryngoscope-guided intubation 6 and might be suitable as an alternative for routine patients 4, 5 . There has only been one study comparing ILM-guided with laryngoscope-guided intubation. Joo and Rose studied adult females with normal airways and showed that the haemodynamic stress response to blind and fibreoptic-guided intubation with the ILM was less than for laryngoscope-guided intubation, and that the incidence of postoperative pharyngolaryngeal morbidity, airway complications and overall intubation success were similar 7 . In this randomized, controlled trial, we tested the hypothesis that haemodynamic changes to intubation and postoperative pharyngolaryngeal morbidity are similar for blind ILM-guided compared with laryngoscopeguided tracheal intubation in adults with normal airways. We also compared intubation success rates and airway complications.
METHODS
With Ethics Committee approval and informed consent, 150 ASA physical status class 1 or 2 patients requiring intubation for elective surgery participated in the study. Patients were excluded if they were less than 18 years old, had cardiorespiratory or cerebrovascular disease, a sore throat within 10 days, were at risk of aspiration, required head and neck surgery, had a known difficult airway or were Mallampati grade 4 8, 9 , or were considered otherwise unsuitable for the ILM. Patients were randomly assigned to one of three equal sized groups. In group 1 (ILM), intubation was through the ILM using a straight silicone tracheal tube with a high-volume low-pressure cuff (reusable reinforced tracheal tube, 7.0 mm ID, Portex, Keene, NH). In group 2 (Macintosh-silicone), intubation was with a number 3 Macintosh laryngoscope using the same straight silicone tracheal tube as in group 1. In group 3 (Macintosh-PVC control group), intubation was with a number 3 Macintosh laryngoscope using a standard polyvinyl chloride (PVC) tracheal tube with a high-volume low-pressure cuff (Blue Line Endotracheal Tube, 7.0 mm ID, SIMS Portex Limited, Hythe, Kent, U.K.). The Macintosh-PVC control group was included to determine the impact of the silicone versus PVC tube on pharyngolaryngeal morbidity.
Mallampati score, thyromental and sternomental distances (with the head in extension) were measured preoperatively. Premedication was with diazepam 5 mg orally and roxatidine 75 mg orally at 1.5 h preinduction. Monitoring was applied preinduction and included an electrocardiograph, pulse oximeter, gas analyser, non-invasive blood pressure monitor (BP508, Nippon Colin Co., Ltd, Tokyo, Japan) and peripheral nerve stimulator. The patient was in the supine position with the head on a standard pillow 7 cm in height. Oxygen was administered via a facemask for 5 min. Lignocaine 0.5 mg/kg was given IV with the tourniquet inflated to prevent propofol pain. Thirty seconds later, the tourniquet was released and anaesthesia induced with propofol 2.5 mg/kg and maintained with sevoflurane 2% in oxygen 33% and nitrous oxide until intubation was attempted. Muscle relaxation was with vecuronium 0.1 mg/kg. Patients were ventilated via a face-mask for 5 min until the train-of-four count was zero. Face-mask ventilation was graded as: easy (Guedel airway not required); moderate (Guedel airway required), difficult (Guedel airway plus jaw thrust required) and failed (failure to ventilate, alternative technique required).
In group 1, the ILM was inserted using a onehanded rotational technique with the head-neck in the neutral position 10 . A size 3 ILM was used for short adults (<160 cm), a size 4 ILM was used for normal adults (160-170 cm) and a size 5 ILM for tall adults (>170 cm). The cuff was inflated with air (size 3: 20 ml; size 4: 30 ml; size 5: 40 ml) and the position was maintained for intubation by holding the handle firmly. The lubricated silicone tracheal tube was placed in the ILM tube and advanced to 1 cm beyond the epiglottic elevator bar. Intubation was then attempted by gently advancing the tube. If resistance was felt, the tracheal tube was withdrawn to 1 cm beyond the epiglottic elevator bar. The following adjusting manoeuvres were applied in sequence before each additional intubation attempt: 1. pulling the handle back towards the intubator (extension manoeuvre); 2. withdrawal of the ILM by 5 cm with the cuff inflated followed by reinsertion (up-down manoeuvre); 3. ventilation commenced and the position of the ILM adjusted until the optimal seal (as determined by audible leak with the expiratory valve closed 11 was obtained (optimization manoeuvre); and 4. flexing the neck and extending the head (head-neck manoeuvre). Ventilation through the ILM was not attempted until the third adjusting manoeuvre. If no resistance was felt after the tube was advanced by 8 cm, the cuff was inflated and the circuit reconnected. Correct placement was confirmed by capnography. Oesophageal intubation was diagnosed if there was no capnograph trace and the tube was withdrawn for another attempt. If oesophageal intubation occurred, an adjusting manoeuvre was performed before the next attempt. The ILM was removed 5 min after successful tracheal intubation using a stabilizing rod. In group 2 and the control group, the neck was flexed and the head extended for intubation. The straight silicone tube was supported with a wire stylet. If the vocal cords could not be seen at laryngoscopy, laryngeal pressure was applied. If this failed to improve the view, a gum elastic bougie was used to facilitate intubation. All tracheal tubes and the ILM were lubricated with 10% lignocaine jelly before use. Once tracheal placement was confirmed, the cuff volume was adjusted so that no air leakage was obtained at 30 cm H 2 O inspiratory pressure. Tracheal intubation was considered to have failed if it could not be accomplished within 3 min or all adjusting manoeuvres had failed. These patients were excluded from haemodynamic or postoperative data analysis.
The following data was collected by an unblinded observer: grade of face-mask ventilation, number of intubation attempts, type of adjusting manoeuvres, intubation time (from insertion of the ILM or the laryngoscope to confirmation of tracheal intubation by capnography), frequency of oesophageal intubation, mucosal trauma (blood detected on the ILM or laryngoscope), lip or dental injury and hypoxia (SaO 2 <95%). All ILM insertions and intubation procedures were performed by a single anaesthesiologist (SK) who had experience of more than 3000 laryngoscopic intubations and over 100 ILM intubations. Non-invasive blood pressure and heart rate were recorded immediately preinduction, immediately preintubation, and every minute for the first 5 min following successful intubation. End-tidal sevoflurane and CO 2 concentrations were recorded immediately before intubation.
Pharyngolaryngeal morbidity was assessed 18 to 24 hours postoperatively by an investigator blinded to the method of intubation. Sore throat and hoarseness were graded on an established 4-point scale 3, 12 . Sore throat was graded as: none=no sore throat; mild= less severe than with a cold; moderate=similar to that noted with a cold; severe=more severe than with a cold. Hoarseness was graded as: none=no hoarseness; mild=noted by a patient; moderate=obvious to observer; severe=aphonia.
Descriptive data were tested using a two-tailed independent t-test. Heart rate and blood pressure values were tested using ANOVA repeated measures. Pairwise comparison of the mean values was assessed by Bonferroni Dunn test. The Kruskal-Wallis test was used for the scored data. The Spearman's rank correlation was used to test correlations between the number of the tracheal intubation attempts and the severity of the upper airway complications. Unless otherwise noted, data is presented as mean±SD. Significance was taken as P<0.05.
RESULTS
Demographic and airway assessment data were similar among groups (Table 1) . Face-mask ventilation was graded as easy in all patients. ILM insertion was successful at the first attempt in 50/50 (100%) patients. The first-time intubation success rate was higher in both laryngoscope groups (100% vs 56%, P<0.0001). In the ILM group, 47/50 (94%) were successfully intubated within three minutes ( Table 2) . All failed intubations in the ILM group were intubated successfully with a laryngoscope at the first attempt. The time to successful intubation was longer in the ILM group compared to each of the laryngoscope groups (all P<0.0001).
For all groups, there was a decrease in blood pressure post-induction and an increase for the first three minutes post-intubation compared with baseline values (Figure 1 ). For all groups, there was an increase in heart rate for the first two minutes postintubation compared with baseline values (Figure 2 ). 
Blood Pressure
There were no significant differences in heart rate or blood pressure among groups at any time.
Mucosal trauma (P<0.03) and oesophageal intubation (P<0.0001) occurred more frequently with the ILM compared to each of the laryngoscope groups ( Table 3 ). The incidence and severity of sore throat and hoarseness was similar among groups (Table 3) . For the ILM group, there was no correlation between the number of intubation attempts and mucosal injury, sore throat or hoarseness.
DISCUSSION
Our data suggest that blind ILM-guided intubation offers no advantages over laryngoscope-guided intubation in terms of the haemodynamic stress response to intubation. Our findings contrast with Joo and Rose who showed that the haemodynamic stress response was greater during laryngoscopy 7 . This interstudy difference may be related to our use of IV lignocaine at induction, a greater depth of anaesthesia or the different sequence and time taken for adjusting manoeuvres. Joo and Rose 7 showed that the incidence of postoperative pharyngolaryngeal morbidity was similar for laryngoscope-guided and blind ILM-guided intubation. Our data supports this finding. We also found that the incidence of pharyngolaryngeal morbidity for the silicone and PVC tubes were similar in the laryngoscope groups. This suggests that use of a silicone tube with a high volume low pressure cuff does not increase the morbidity associated with ILM usage, at least for moderate length procedures. We found a higher incidence of mucosal trauma with the ILM. This may be related to the high pressures exerted by the ILM against the pharyngeal mucosa 13 .
We found that the first-time success rate for blind ILM-guided intubation is lower than for laryngoscope-guided intubation. Joo and Rose reported a similar first time success rate between blind ILMguided and laryngoscope-guided intubation 7 . Our incidence of oesophageal intubation (26%) was higher than previously reported. Baskett et al reported a 1% incidence of persistent oesophageal intubation, but the number of oesophageal intubation events was not documented 6 . Dimitriou and Voyagis reported an 8% incidence of oesophageal intubation at the first attempt 14 . Oesophageal intubation was not documented by Joo and Rose 7 . Interstudy comparisons are difficult due to the wide range of study conditions such as differences in size selection, type of tracheal tube, gender, race and the sequence of adjusting manoeuvres. The rationale behind our adjusting manoeuvre sequence was to start with simple manoeuvres and to avoid size changes. It is possible that a different sequence of adjusting manoeuvres may have altered the success rate and/or time to intubation. The manufacturer recommends assessing the depth at which resistance occurs during passage of the tracheal tube as a guide to selecting various adjusting manoeuvres 10 , but this strategy remains unproven, commonly involves changing to a larger or smaller size ILM (not always possible) and high success rates have been reported without following this strategy 15 . Our first-time success rate was similar to other studies using different size selection criteria and sequences of adjusting manoeuvres 5, 6, [15] [16] [17] . We confirmed Joo and Rose's finding that overall success rates are high and similar for blind ILM-guided and laryngoscope-guided intubation. All studies have reported a high overall success rate for blind ILMguided intubation [5] [6] [7] [15] [16] [17] . Joo and Rose found similar first attempt and overall success rates for blind and fibreoptic ILM-guided intubation 7 .
It has been suggested that adjusting the position of the ILM before the first attempt at intubation improves the success rate 18 , but this remains unproven. The two optimal techniques currently suggested by other studies are to adjust the position of the ILM until the best seal is obtained 5 or light is seen at the cricothyroid membrane with a lightwand inserted just beyond the epiglottic elevator bar 16 . There are no studies comparing different size selection and adjusting manoeuvres. The high incidence of oesophageal intubation in the present study suggests that early confirmation of successful tracheal intubation via the ILM is mandatory. Perhaps a fibreopticguided technique might be more appropriate.
We conducted our study on patients with normal airways and no cardiovascular disease. Intubation success rates with the ILM may be higher in patients with abnormal airways 5 (perhaps due to the tube being better directed towards a high anterior larynx), and our results may not be applicable in this situation. It is also possible that the haemodynamic response may be different in patients with cardiovascular disease. We did not use the manufacturer's dedicated silicone tracheal tube since it was not available in Japan. We did not use a PVC tube with the ILM since laboratory work had shown that preformed PVC tubes maintain their curvature during passage through the ILM and do not approach the glottic inlet at the correct angle 4 . However, Joo and Rose used a PVC tube that they inserted backwards so that it curved towards the glottic inlet and had a high success rate 7 . Baskett et al found some evidence of a learning curve with the ILM over the first 20 uses 6 , but Chan reported no improvement in performance 15 . The investigator had used the ILM in over 100 patients prior to commencement of the study. Though we consider it unlikely, it is possible that the investigator was still on a learning curve with the ILM.
We conclude that blind intubation through the ILM offers no advantages over the Macintosh laryngoscope for patients requiring intubation for elective surgery with normal airways, but it is a feasible alternative.
